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e have seen pictures on TV of the 'ice' crystals forming around the blown-out BP well in the Gulf. (1) We may have wondered why ice formed there when the water had not been freezing previously. Simply because it is not ice but 'fire ice', 'methane ice', or 'methane clathrate (hydrate)', a combination of water and methane (natural gas) which forms under certain conditions of pressure and temperature, with water molecules in a crystal lattice forming 'cages' which trap the methane. It is surprisingly common, being a larger reservoir of natural gas than the more conventional gas deposits. (2) 

PROPERTIES 

Methane clathrate is an icy looking solid, about 0.9X the density of water, contains 1 mole of methane for 5.75 mole of water (13.4% methane by weight) and will melt to give off ice water and burn with a typical looking natural gas flame. One cubic foot of the solid contains enough methane to give 168 cubic feet of gas at standard temperature and pressure. The gas can be liberated by reducing pressure and/or adding heat. 

SOURCE, FORMATION 

The hydrate forms any time methane reaches water at sufficiently high pressure and low temperature and is a common constituent of marine sediment. It is typically found on the continental shelves in the depth range of 300-500 meters where the bottom water temperature is around 2°C. Some deposits are found in shallow sandstone layers (less than 1000 meters) on land in Alaska and Siberia where the surface temperature is around 0°C. 

Marine deposits are formed by either of two processes (or a combination of the two) and are distinguishable by the 13C/12 isotopic ratio. Some are formed by microbial reduction of C02 (from carbonate rocks) and are isotopically light; the methane in these is formed in-situ as indicated by the isotope ratio being the same in the clathrate and in the dissolved methane. In other deposits, the carbon in the methane is isotopically heavy as a result of having been produced by geological heating of deeply buried petroleum (and other organic residues) with 'cracking* of the higher hydro-carbons. The methane migrates upward through geological faults until it reaches conditions where the solid hydrate forms. In either case, the hydrate typically acts as a cap and traps gaseous methane below. 

RESOURCES 

Recent estimates are that the global oceanic inventory of methane clathrate corresponds to 500-3500 giga-tons (a giga-ton is one billion tons) of carbon, smaller than the estimated 5000 giga-tons of total other fossil fuels, but greatly larger than the estimated 230 giga-tons for other natural gas reserves. The permafrost reservoir in the Arctic has been estimated as 400 giga-tons. Some natural gas has been produced from methane hydrate deposits but in general, most are too scattered to make it feasible to recover the gas. 

GREENHOUSE EFFECT (3-5) 

The "greenhouse effect" is a well established fact; it has been known since early in the 20th century that that the surface of the earth is much warmer than it would be without water vapor, carbon dioxide (C02), methane, nitrous oxide and ozone in the atmosphere, with the estimate now being some 59°F. These gases absorb and trap some of the heat from the sun like glass in a greenhouse, making the earth warmer. The planet Venus is almost a twin of the Earth except that it has an atmosphere containing over 96% carbon dioxide and an atmospheric pressure 90 times ours, and a surface temperature of 860°F because of a run-away greenhouse effect. (The Earth has this much CO2 but it is tied up in limestone.) 

There has been concern about the increasing concentration of carbon dioxide in the air as a result of the burning of fossil fuels. This increase seems to be correlated with global warming, which is reasonable. How much of the warming is caused by human activities is not known. The pre-industrial concentration of C02 was about 280ppm 

(ice core data shows it was 260-280 since the end of the last ice age about 10,000 years ago), while the current level is about 388. More alarming than this is the increase in concentration of methane from 700ppb to 1800ppb today, the highest in the past 400,000 years, particularly since methane is a MUCH MORE potent greenhouse gas than C02. 

Molecule per molecule, methane is about 80 times more potent a greenhouse gas than C02 but present in much lower concentrations. With global warming, methane emissions will likely increase from decomposition of the hydrate, increased bacterial generation from organic materials in swamps and bogs, and other sources. 

THE "CLATHRATE GUN" (6) 

When you pull the trigger on a gun and the firing pin strikes the primer, there is no way to stop the firing. Similarly there have been some doomsday predictions that at some critical point in global warming, the deposits of methane hydrate will begin to decompose, leading to more rapid temperature rise, more rapid decomposition of still more methane hydrate and a run-away heating. Indeed, methane hydrate in arctic permafrost is now decomposing and releasing methane with measurably higher methane in the Arctic atmosphere than the global average. The worst-case predictions have postulated that a run-away global warming might happen within the span of a human lifetime. A more realistic time scale seems to be 1000-10,000 years, just a blink of the eye in geological time. And there is good indication that ocean warming or sea level lowering may have triggered a number of rapid methane clathrate decompositions, which resulted in heating of the oceans enough to cause mass extinctions, particularly the one at the end of the Permian when 96% of the marine species became extinct. 

FOOTNOTES 
1. The blow-out itself was a result of formation of methane clathrate in the well bore, which flowed upward with drilling mud until the pressure was lower and then it began to decompose to gas, which blew the mud out, resulting in a lower pressure and more rapid run-away decomposition. The failure of the first attempt to cap the well was also a result of formation of methane hydrate in the cap and its floating out of place.(1) 
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